Pollution by organic and inorganic toxic substances has raised public and environmental concern globally since last decade. However, due to rapid growth of world population along with excessive industrial development, this situation worsens. One of the non-essential heavy metals, mercury (Hg), is a widespread toxic pollutant commonly found in drinking water sources. Therefore, there is a need to monitor the level of Hg in the drinking water. Biomonitoring, which use biological response to assess environmental changes, is one of the approaches that are getting more attention recently. Plant bioindicator offers huge advantages over conventional water quality analysis. Other than cheap, easy to apply and give rapid results; most importantly, people in the rural area can apply this method to monitor water quality without the need of modern equipment and technical expertise. In this study, young leaves from terrestrial plants were treated with water containing Hg solutions. Plant that showed visible morphological changes was selected as potential bioindicator and further analyzed. Over 60 plants were screened including herbs, shrubs and flowering plants. At the 24 th h of observation, 15 plants showed morphological changes with several obvious symptoms, including the presence of dark spot, chlorosis, browning of leaves and wrinkle. Among these plants, Plectranthus amboinicus, Lantana camara and Pelargonium radula treated with Hg solutions exhibited morphological changes at the 6 th h of treatment, compared to the control. In the present study, Pelargonium radula was chosen as the Hg bioindicator as it gave the fastest and visible morphological changes, which is within 4 h of treatment. This new finding was promising, as it demonstrated that plants could be used for Hg biomonitoring for the safety of drinking water.
INTRODUCTION
Water is essential to all life forms and geological process as it plays a critical role in all our daily activities such as irrigation, industrial, thermoelectric power, aquaculture and domestic uses; the demand for water increased sharply every year. In Malaysia alone, total demand for water is expected to reach 14 billion m 3 in 2020, and almost 99% of it comes from rivers and stream in the country [1] . Other than external uses of water, the most important purpose of water is as drinking water. However, water supply management in Malaysia is not centralized as it is managed according to state-by-state basis [2] . Water quality problem arose as a result from anthropogenic activities. Thus, maintaining the quality of water is crucial to ensure its safe consumption which literally should be free from any detrimental substances, such as microorganisms, heavy metals and any inorganic compound [3] .
Of all causes, metals contaminants had widely reported to be one of major reasons that lead to water pollution [4, 5] . Heavy metals are commonly introduced into the environment through mining practices as well as manufacturing processes. Hg, in particular, can spread from contaminated to uncontaminated sites through expulsion from refineries and factories, runoff from landfills and croplands; and as dust from coal-fired power plants [6] . This situation became worsen as rain transports this metal from atmosphere and soil to the water bodies; particularly ground water and rivers.
Like other metals contaminants, Hg is harmful to human beings due to their long biological half-life and the tendency to accumulate in the human body. Hg is a non-essential element for the growth of plants and animals, and it does not involve in cell metabolism process [7] . Human generally exposed to Hg via consumption of contaminated fish in the form of methylmercury or by breathing the vaporous Hg [7, 8] . The most well documented cases of methylmercury poisoning are from Minamata Bay, Japan in 1956, which killed hundreds of people and causing thousands of them suffered with permanent nervous system damage [8] . In milder cases, mercury poisoning will reduce the motor skills in adults; and stunt the development of fetuses and newborn babies [6] . Therefore, there is a need to monitor the level of Hg in the drinking water.
In order to ensure the quality of drinking water, several approaches were introduced; including physical, chemical and biological monitoring techniques. In recent years, detecting environment abnormalities with the helps from biological materials including fishes, mollusks and plants has received considerable attention [9] . The usage of this method, or in other word; bioindicators are environmental friendly, cost effective and provide simpler alternative than conventional techniques for determining the Hg. level in drinking water [10] . In this paper, plant bioindicator was chosen to monitor the drinking water quality as it has the capability to accumulate various pollutants, respond rapidly to environmental oddities and readily available [11] . The efficiency of using plants as bioindicator has been proven by several studies. According to [12] , Helianthus annus has been successfully used in the detection of lead in the environment. Rosa indica and Dianthus caryophyllus are good bioindicator in detecting air pollution [13] . In addition, Phaseolus vulgaris is able to perceive the presence of cadmium in the environment [14] . The effectiveness of plant bioindicator relies on the plants species and metal bioavaibility.
The best bioindicator typically shows rapid response to drinking water containing metal contaminants that is beyond the tolerable limit upon exposure [10] . Sensitive plants produce instant observable visual symptoms of toxicity, including changes in shape (e.g. wilting, curling of leaves and desiccation), color (e.g. appearance of black spot, chlorosis, and browning of leaves) and other possible changes shown on leaves [15] . These changes arise because metal contaminants may disturb the biochemical, physiological and metabolic process in plants [16] . These alterations may disturb the cellular mechanisms, and eventually lead to cell death [17] . Thus far, Hg plant bioindicators are not available for biomonitoring. Thus, this study aims to screen for potential plant species that can be used as mercury bioindicator for safety assessment of drinking water.
EXPERIMENTAL Preparation of Hg solution
Hg stock solution of 10 ppm was prepared from the standard solution of 1000 ppm (Merck, Darmstadt, Germany). Drinking water containing heavy metal was prepared according to the acceptable limit as set in the National Drinking Water Guideline (Table 1) . In order to observe the severity of leaves as the concentration increase, concentrations that double and half the acceptable limit were also been prepared. Ultrapure water without addition of Hg was used as controls. 
Observation of morphological changes on leaves
Observable morphological changes of leaves including wrinkle, chlorosis, presence of dark sport, change of color were observed at different time interval: 0, 6, 12, 18 and 24 h, right after the leaves were submerged into the Hg solution. Hg-treated leaves were compared with the control. All visible changes shown on leaves and time when the changes occurred were recorded.
Identification of potential Hg bioindicator
Plants that showed morphological changes in 6 h of Hg treatment were further screened and time when the changes occurred was recorded at every 1 h interval. Plant that show morphological changes at the shortest time was selected as potential Hg bioindicator.
RESULTS AND DISCUSSION
Leaves subjected to Hg solution suffered clear symptoms of phytotoxicity. The morphological changes became more severe as the Hg concentration became higher [19] . In this study, 63 plant species were screened. Fifteen plant species exhibited visible morphological changes within 24 h of Hg treatment (Table 2 ). Different plant species have different sensitivity level towards metal stresses. The degree of plant sensitivity to metal toxicity depends on the external and internal factors, including the bioavaibility of metals, plant genotypes, exposure limit and period, as well as physiological and morphological condition of plants [20, 21] . Various morphological changes were observed from these plant species; including color changes from green to yellowish-brown or dark brown, dark spots appearance, petiole and veins darkening, chlorosis and wilting. 
An ideal bioindicator is able to respond rapidly to metal toxicity and exhibit obvious morphological changes that can clearly been seen by naked eyes [10] . Thus, further screening was undergone for three plant species that showed changes within 6 h observation. Pelargonium radula gave the fastest morphological changes in the presence of 0.5, 1.0 and 2.0 ppb Hg, which at the 4 th h, followed by Plectranthus amboinicus and Lantana camara at the 5 th and 6 th h, respectively. Thus, P. radula was selected as the Hg plant bioindicator in the present study. As seen in Figure 1 , P. radula treated with Hg experienced colour changes from green to yellowishbrown, chlorosis and wilted, in comparison to the control. The difference of the morphological changes in Hg-treated leaves was obvious and can be distinguished clearly, compared with the untreated leaves. As the concentration of Hg increases, the severity of Hg toxicity increases. These visible symptoms could also be seen in cabbage treated cadmium as they exhibited chlorosis, appearance of black spots and reddish-purple coloration along the leaf margin [22] . In Spinacea oleracea L., dark spots along the veins appeared upon exposed to nickel and cadmium [23] .
Toxicity exhibited by metal elements commonly involves neurotoxicity, hepatotoxicity and nephrotoxicity [24] . Specific toxicity conditions in different plant species occurred due to variations in metal solubility, absorbability, transport and chemical reactivity towards metal [25] . The degree of metal tolerance mechanisms in plants differs from one to another. According to [26] , two tolerance mechanisms are involved: internal tolerance mechanism and exclusion mechanism that protect plants from metal toxicity. The internal tolerance mechanism mainly involved the immobilization, compartmentalization and detoxification of metals in the symplasm with the aid from metal binding compounds. Meanwhile, exclusion mechanisms focus on the prevention of metals from entering or staying in the symplasm and interacting with other sensitive organelles in plants [27] .
P. radula is a great garden plant ( Figure 2 ). It is normally used as one of cooking ingredients, pest control and fragrance by the Asian communities. It has unique leaves shape and smell. Locally, P. radula is known as 'Jeramin' or 'Pokok Halau Nyamuk' [28] . It is popularly used as mosquitoes repellent as it contain terpene alcohols, which is believed to poses insect repellent activity [29] . P. radula is also widely used for interior landscape of building and indoor garden. P. radula belongs to the family of Geraniaceae and genus of Pelargonium. However, the potential of P. radula as a bioindicator has not been discovered. P. radula originates from Malaysia and thus is readily and widely available for environmental biomonitoring purposes. Metal toxicity is well-known to be responsible for many visual morphological changes in plants. Time taken for different plant to exhibit changes may due to the physiology of plants. Generally, leaves have cuticle layers, which protect them from environmental abnormalities. However, the cuticles layers of different leave differ in thickness. Thick cuticle layer is covered by wax layer and chlorenchymatous rind cells. These rind tissues are interconnected with parenchymatous tissues, which are assumed to be associated with plant defensive strategy [30] . In this study, younger leaves were chosen as they lack cuticle compounds. As a result, younger leaves have lower tolerance mechanisms to the presence of heavy metals, giving metals a higher chance to dominate the leaves and affect their system. Compared to mature leaves, younger leaves also contain lower amount of phenolic compound, which is responsible for adaptation and defense mechanisms towards metal stress [31] .
In general, excess amount of Hg causes greater toxicity symptoms in leaves. This is due to disturbance of the metabolism processes including chlorophyll and protein content reduction, respiration inhibition, organelles' ultrastructure modification and enzymes activities alteration [32] . Heavy metals greatly affect the photosynthetic processes in leaves by disrupting the sensitive components of photosynthetic structures. Chlorophyll is the most important chloroplast components for photosynthesis, and is well known as a main light-absorbing pigment that gives plant its color [33] . Chlorophyll reduction in leaves mainly connected to its biosynthesis. The replacement of Ca + and Na + by metal ions on the thylakoid membrane tends to destroy its structure, causing it to lose its function. This would alter the enzymatic system of the chloroplasts and block its synthesis [34] . The sub-microstructure of chloroplasts will also be destroyed, lowered the capacity of protons capture in PS I and PS II. [35, 36] . As demonstrated in Hydrocharis dubia L. and B. schreberi, thylakoid membrane of chloroplasts was degraded upon exposure to Hg and cadmium. The alteration and destruction of chlorophyll structure and system in leaves is reflected by the color changes of leaves [37] .
Additionally, the decrease of chlorophyll synthesis rate in leaves is also due to the deficiency of some essential elements such as iron and magnesium [37] . The chlorophyll pigment in the leaves may also be destructed by the action of constitutive peroxidases, lipoxygenase and fatty acid-dependent with chlorophyll-bleaching activities in the presence of phenolic compound, linolenic acid and H2O2 [38] . Grana cascade, mitochondria and thylakoid membrane of chloroplasts were shown to be altered and degraded under metal stress. Changes in mitochondria structures were a result of the penetration of K + and H2O from lumen to the outside, and disruption of ATP activities.
In general, heavy metals induce oxidative damage in plants; directly or indirectly through the formation of superoxide radical (O 2-), hydrogen peroxide (H2O2) and singlet oxygen (O2), which are collectively known as reactive oxygen species (ROS). ROS rapidly attack the molecules and structures in cells [21] . Over accumulation of ROS in leaves trigger the oxidative process including protein oxidation, membrane lipid peroxidation, enzyme inhibition, as well as DNA and RNA damage. These alterations then lead to the inability of leaves to synthesize protein and accelerate protein denaturation [39] . Furthermore, competition and replacement of essential ions with metal ions to the sulphydryl (SH) groups of the active sites of proteins cause disruption in protein functions, structures and metabolic processes in cells [40] . This also directly affects photosynthetic system in plants [32] . Ultimately, these alterations lead to permanent metabolic dysfunction in cells and cell death [41] .
CONCLUSION
Among the 63 plants screened in this study, P. radula was chosen as the best bioindicator to detect the presence of Hg in drinking water. P. radula treated with Hg exhibited morphological changes including changes of color from green to yellowish-brown, chlorosis and became wilted within 4 h of Hg treatment. Hg toxicity became more severe as the concentration of Hg increased, and duration of exposure to Hg increased.
